We describe a reliable GAL4-based yeast two-hybrid system for identifying and isolating clones encoding proteins interacting with a protein of interest. This two-hybrid system gives extremely low background and few false-positive clones, making it ideal for library screening purposes. We have successfully used it not only to isolate Arabidopsis NPR1-interactors from rice but also to pull out the rice NPR1 ortholog using one of the interactors as bait.
Introduction
The yeast two-hybrid approach has been widely used for library screening to identify and isolate genes encoding proteins that interact with a favorite protein. It has the capability of identifying and isolating desired clones in a relatively short time by allowing one to easily screen through tens of millions of clones. There are many two-hybrid systems available. Unfortunately, many of them may not be reliable; unacceptable backgrounds and troublesome falsepositive results often are seen with many two-hybrid systems. Here, we describe a reliable GAL4-based yeast two-hybrid system that includes a bait plasmid vector derived from plasmid pPC86 (1), which is based on a CEN/ARS DNA replication system rather than the 2 replication origin (see Note 1). This twohybrid system is compatible with most two-hybrid libraries and gives extremely low background and few false-positive clones, making it ideal for library screening purposes (see Note 2). We have used it not only to isolate Arabidopsis NPR1-interactors from rice but also to pull out the rice ortholog of NPR1 by using one of the NPR1-interactors as bait to back-screen the rice library (2). The unique elements contributing to the successful use of this system are discussed. 
Methods
The following protocols are derived mainly from Clontech yeast protocols. Thaw the filter at room temperature for 1 to 2 min. 5. At this time, add approx 1.9 mL of X-gal/Z buffer solution to a filter circle in a plate (100 15 mm) to prepare an X-gal-saturated filter circle. 6. Overlay the cells/filter on the X-gal-saturated filter in the plate. 7. Incubate at 30 C or room temperature until blue colors develop. This may take an hour to overnight incubation depending on the strength of interaction.
Preparation of the Bait Plasmid and Yeast Competent Cells
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Notes
1. The pMC86 plasmid, derived from pPC86 and pPC97 (1), is based on the CEN6/ ARSH4 replication system, different from the 2-replication origin. In contrast to the high copy number of 2--based plasmids, the CEN6/ARSH4 replication system-based pMC86 has a low copy number. We have noticed that when a 2--based plasmid is used as bait, the number of false-positive clones tends to be higher, possibly as a result of the higher DNA recombination events between the plasmid DNA and the genome. In addition to lowering false-positive clones, this feature of pMC86 also makes easier the recovery of the prey plasmid like pAD-GAL4, carrying the 2-replication origin because most of the plasmid DNA recovered from yeast would be the prey plasmid. 2. The HF7c yeast strain, carrying Trp1, Leu2, and His3 selectable markers and the LacZ reporter gene, has an extremely low background when plated on SD-TrpLeu-His medium containing 10 mM 3-AT. When streaked directly on plate, HF7c does not require addition of 3-AT to suppress its growth. This feature is critical in library screening. On the contrary, many other commonly used yeast strains, such as PJ69-4A, carry significant leaky His3 activity and require much higher 3-AT concentrations to suppress their growth, often give high backgrounds during library screening. It is possible to lower the concentration of 3-AT in medium for screening when using HF7c. In general, the level of background is proportional to the cell mass spread on each plate. The more cell mass on each plate, the higher concentration of 3-AT is needed. 3. We have noticed that the larger the protein encoded by the bait, the higher the number of false-positive clones, which may be attributable to the fact that yeast contains in its genome many protein sequences that can serve as a transcription activation domain and that DNA recombination rates are high in yeast. Any recombination event that creates a fusion protein between the bait and a transcription activation domain will generate a false-positive clone. In general, it is a good practice to keep the coding sequence of the bait less than 2 kb to avoid high number of false-positive clones. 4. However, HF7c does carry a disadvantageous feature; it often does not grow very vigorously in the SD-Trp medium and requires more time to grow to the needed cell mass compared to some other strains. This feature may contribute to lower transformation efficiency sometimes. 5. Some bait constructs may result in slower growth of the HF7c cells. This would usually give rise to lower transformation efficiency. To boost transformation efficiency, one can grow the HF7c cells in YPD medium for 2 h after spinning down cells from the 1000 mL SD-Trp culture before proceeding to transformation. After the heat shock treatment, the cells can also be cultured in YPD medium for a few hours before spun down for plating in order to help the yeast cells recover from the treatments.
